There is a significant foreign influence on the risk premium for US. assets. Using a bivariate GARCH-in-mean process. we find that the conditional expected excess return on U.S. stocks is positively related to the conditional covariance of the return of these stocks with the return on a foreign index but is not related to its own conditional variance. Further, we are unable to reject the international version of the CAPM. We present evidence for different model specifications. multipleday returns. and alternative proxies for foreign stock returns.
Introduction
What drives the risk premium on U.S. equity? If the U.S. capital markets are segmented from foreign markets or if U.S. assets constitute most of the wealth traded internationally, the risk premium on U.S. assets should be determined solely in the U.S. Until the mid-1970s, these conditions seemed to prevail. Since then, capital markets have become increasingly integrated internationally and the market value of U.S. assets has become a smaller fraction of world wealth. These developments suggest that the risk premium on U.S. assets may now be determined primarily on world capital markets. We investigate this issue and find empirical evidence of a significant foreign influence on the risk premium of U.S. assets.
The capital asset pricing model (CAPM) implies that the risk of the market portfolio is measured by the variance of its returns. so that the risk premium for the market portfolio increases with the variance of its returns. Further, with risk-averse investors, the addition of a mean-preserving spread to the distribution of the market portfolio return increases the risk premium, so that even if the CAPM does not hold, one would typically expect a positive relation between the risk premium and the variance of the market portfolio. Merton (1980) estimates the relation between the risk premium and volatility using contemporaneous variance estimates. Using a generalized autoregressive conditional heteroskedasticity (GARCH) representation developed by Engle (1982) and Bollerslev (1986) French, Schwert, and Stambaugh (1987) provide evidence that the conditional expected excess returns on the market portfolio and the conditional variance of its returns are positively related. They use daily data from January 1928 to December 1984 for the excess returns on the market with Standard and Poor's (S&P) 500 index representing the market portfolio. For most of the sample period studied by French, Schwert, and Stambaugh. foreign capital markets were substantially segmented from the U.S. capital markets and their capitalization value was much smaller. There is now substantial evidence that stock markets are reasonably well integrated. For instance, Cho. Eun. and Senbet (1986) . Wheatley (1988) . Korajczyk and Viallet (1989) Gultekin, Gultekin, and Penati (1989) , Cumby (1990) . Harvey (1991) , Bekaert and Hodrick (1992) and Campbell and Hamao (1992) provide evidence of integration, especially during the 1980s. using a variety of asset pricing models with monthly data. Further, as fig. 1 indicates, the capitalization of U.S. stocks has become a smaller part of the capitalization of the world market portfolio of common stocks. These two developments suggest that the S&P 500 is unlikely to have been an adequate proxy for the world market portfolio over the last decade.
If we use the CAPM, the evidence that stock markets are fairly well integrated suggests that the risk premium on the market portfolio of U.S. assets depends on the covariance of its returns with the returns on the world market portfolio. This cocariance is a weighted average of the variance of the market portfolio of U.S. assets and the covariance of the returns on the market portfolio of U.S. assets with the market portfolio of non-U.S. assets. where the weights are the proportions of U.S. and foreign stocks in the world market portfolio. Even if the CAPM does not hold, this covariance may be important in determining the risk premium on the U.S. market portfolio. For instance in Merton's (1973) intertemporal CAPM, the risk premium on a portfolio still increases with the covariance of the returns of that portfolio with the market portfolio. In our empirical work, we mode1 the daily excess returns of the S&P 500 and of a portfolio of non-U.S. assets jointly, using a bivariate GARCH-in-mean representation.
We find that the conditional expected excess returns on the U.S. market portfolio are significantly related to the conditional covariance of the S&P 500 with Japan's Nikkei 225 index, but not significantly to the conditional variance of the S&P 500. We obtain a similar though weaker result if the market portfolio of foreign assets is approximated by the Morgan Stanley EAFE index (which is a value-weighted index comprising stocks from Europe, Australia, and the Far East) or the Morgan Stanley Japan index. We also show that this result is robust to a number of alternative econometric specifications as well as to different measurement intervals for the returns data. This result suggests that the impact of foreign stock markets on the risk premium of the U.S. market portfolio cannot be neglected.
When we impose the restrictions of the international version of the CAPM. we find that we cannot reject the model at the 5 percent significance level. Given the small number of assets in our tests. however, one might argue that this significance level is too low. At the 10 percent level, the mode1 is rejected when we use the Nikkei indices, but not otherwise. Further, at that level of significance, we cannot reject a two-factor model that implies that Japanese and U.S. With this assumption. each stock position in the world market portfolio is financed in the country in which the stock is traded. Hence. the excess returns on a stock equal the returns of that stock in its own currency net of the returns of the risk-free asset in that currency. The interpretation of these own-currency returns is that they are equal to dollar returns hedged against currency risk with a hedge ratio of one: that is. one goes short one unit of foreign currency for each purchase of one unit of foreign 'See Alder and Dumas (1983) and Stulz 11983) for reviews of the litera!ure on international asset pricing and discussions of the role of preferred currency habitats. currency stock. This approach, pioneered by Solnik (1974) leads to a linear pricing relation between expected own-currency excess returns and their conditional covariance with the world market portfolio of own-currency excess returns. ' With these assumptions, we have E(R mt+ I -Rot+llW = ~WR,,+l -Ro,+ll Q,),
where E(.) is the conditional expectation operator, R, is the investors' information set at t, R,, + 1 is the return on the world market portfolio from t to t + 1, and Rot+ 1 is the risk-free rate for the same period of time.
Var(R,,+i -Rot+1 IQ,) is the conditional variance of the excess return on the world market portfolio for the period t to r + 1 given the information set R,. With assumption (A.2), all excess returns are computed in dollars, whereas with the preferred currency habitats assumption (A.2'), excess returns are owncurrency returns, so that the excess return on the market portfolio is a weighted average of own-currency returns. Using the CAPM and (I), we have Wdr + I I Q,) = j-cov(rd, + ,, rmt + 1 I QJ (2) where lower-case r denotes excess returns and cov(rd,+ i, r,,,, + 1 IQ,) is the conditional covariance of the excess returns on the U.S. domestic market portfolio with the excess return on the world market portfolio.
The return on the world market portfolio can be written as
where w& is the capitalization of the U.S. market portfolio as a fraction of world wealth at time t, r&+ 1 is the excess return on the U.S. domestic market portfolio, and r,,+ , is the excess return on the foreign market portfolio.
Using ( 
In this paper, we focus on the relation in (4). If the U.S. market portfolio equals the world market portfolio, the weights become c&r = 1 for all t and (4) reduces to the relation examined by French, Schwert, and Stambaugh (1987) .
'There is no theoretical reason for the hedge ratio of one to be the minimum-variance hedge. When it is not, Sercu (1980) shows that the appropriate returns are those of self-financing portfolios of stocks hedged against exchange rate risk using the minimum-variance hedge. Bailey, Ng, and Stulz (1992) provide evidence, however, that a hedge ratio of one cannot be improved on for the Nikkei 225 by using conditional minimum-variance hedge ratios.
Even if the returns of the U.S. market portfolio are not related to the returns of the market portfolio of non-U.S. assets. (4) still differs from that of French, Schwert, and Stambaugh (1987) since the conditional variance of the U.S. market portfolio is multiplied by the weight of the U.S. portfolio in the world portfolio.
With daily data from a single country, (4) has a straightforward interpretation because it corresponds to a portfolio strategy that can be easily implemented: buy the market portfolio at the close of trading and hold it until the next day's close. With daily data from several countries. the trading hours generally do not overlap in calendar time. Using close-to-close returns for each country, it is not possible to implement directly a portfolio strategy of buying the world market portfolio at the close of U.S. trading at time t and selling it at the close of U.S. trading at time t + 1. because the foreign markets typically close before the U.S. market. To reduce the problem created by nonsynchronous trading hours, one could use returns measured over longer periods, so that the nonoverlapping period becomes a smaller fraction of the measurement interval. We choose instead to use daily data and address the problem of nonsynchronous trading hours directly. We use daily data for two reasons. First, the period for which it is reasonable to investigate the effect of foreign stock markets on the U.S. risk premium is reasonably short. so our tests would lack power with infrequently sampled data. Since existing tests of international asset pricing models that focus on stock returns use monthly data, the use of daily data is a contribution to the international asset pricing literature. ' Second, the results of French. Schwert. and Stambaugh (1987) that most strongly support the positive relation between conditional expected excess returns and conditional variances are obtained using daily returns.
In using daily returns, we consider an investor who makes his portfolio decisions at the close of trading in the U.S. markets. When the investor forms his portfolio, he uses expected returns and the variance+zovariance matrix of returns conditional on information available at that time. If we had foreign returns computed from the close of the U.S. market to the next close of the U.S. market, we would use them as part of the information set. Since foreign returns measured over the same calendar time as U.S. returns are not available. we have to model the joint dynamics of the U.S. and foreign returns to reflect the nonsynchronism of trading hours. Specifically, at the close of the U.S. market the investor knows the return on the U.S. market and the return on the foreign market at its close earlier in the day. Since the U.S. market closes after most foreign markets, part of the next day's return of the foreign market has already accrued when the investor makes his portfolio decision. As long as contemporaneous returns on 'Engel and Rodriguez (1989) and Giovannini and Jorion (1989) use weekly data but test asset pricing models using returns on foreign currencies rather than on foreign stocks. Chang. Pinegar. and Ravichandran (1991) use daily returns in a study of the integration of European equit! markets &here the problem of nonsynchronous trading is not significant. the domestic and foreign markets are correlated. the investor can use today's U.S. return to improve his forecast of tomorrow's foreign return. Our approach accounts explicitly for this correlation. The information in the U.S. close-to-close return today about the next day's foreign return gives the appearance that foreign market returns can be predicted from the previous day's U.S. return. This predictability is spurious, however. since it cannot be exploited through a portfolio strategy if foreign markets are efficient. The foreign return does not contain similar information about the next-calendar-day U.S. return, since on the previous calendar day the foreign markets closed before the U.S. market and hence the information in the foreign returns is incorporated in the previous-day US. return." Since the lack of synchronism in trading hours affects our modeling strategy, it is important to make sure it does not bias our results. We therefore set up two further experiments.
First, we know that as the measurement interval is lengthened, the lack of synchronism becomes less important. Our robustness tests indeed show that our finding of a significant foreign effect on the U. where the conditional variances, h ,-I + 1 and hdr + 1. and covariances, h,, _ 1, depend only on past returns. The specification for each country allows the returns to depend on two lagged disturbances to incorporate the effects of infrequent 'If we had used the close of trading in foreign markets as the time when the investor makes his portfolio decision instead, today's foreign return would be useful to forecast the same-calendar-day U.S. return, but the U.S. return would not be useful to forecast tomorrow's foreign return. Hence. in this case. the returns dynamics would have to be modeled differently.
'This is in contrast of the instrumental variables approach of Harvey (1991) . which conditions the market risk premium on a set of macroeconomic variables.
trading on the dynamics of the index returns6. We also allow the foreign returns to depend on one lagged disturbance of the domestic returns through $,-to take into account the lack of synchronism in trading hours. As explained above. there should be no $d in the domestic returns equation.-An important step in implementing the model empirically is specifying the dynamics of the conditional variances and covariances. We use a general specification drawn from the ARCH process originally proposed by Engle (1982) , which allows the conditional covariance matrix to be related to its own past values and past squared disturbances.
We posit the following general process:
Et+ 1 -N(O, I-I,, ,) and H,+, = (64
where H,, , denotes the 2 x 2 variance-covariance matrix conditional on information at time r and E,+ , denotes the vector of disturbances from eqs. (5a)-(5b). P is an upper triangular matrix of coefficients, whereas F and G are free matrices of coefficients. This model was originally proposed by Baba. Engle, Kraft, and Kroner (1989) (BEKK). The important feature of this specification is that it builds in sufficient generality, allowing the conditional variances and covariances of the two stock markets to influence each other, and, at the same time, does not require us to estimate a large number of parameters (eleven for the bivariate system used here). Even more importantly, perhaps, the BEKK process guarantees that the covariance matrices in the system are positive definite. To see the level of generality we gain by implementing this specification. we can contrast it with the multivariate ARCH model adopted by Bollerslev. Engle, and Wooldridge (1988) (BEW) , in which the conditional variances depend only on past squared residuals and covariances on past products of disturbances.
The important cross-market effects, highlighted by Hamao, Masulis, and Ng (1990) for the national stock markets of the U.S., U.K.. and Japan, are ignored in the BEW specification.
A more general BEW process could be specified to capture these effects, but positive semi-definiteness of the 6Stoll and Whaley (1990) show how the effects of infrequent trading and bid-ask spreads can c&use stock index returns to follow an ARMA-type process. See also Muthuswamy (19901.
'Our method of addressing this problem with nonsynchronous trading hours could be improved in future research. since we omit the covariance attributable to the unanticipated return on the foreign market between the close of that market and the close of the U.S. market because that return is unobservable.
Instead. we implicitly assume that the true covariance is a constant proportion of the estimated covariance. If this assumption is incorrect. we would expect our results to be sensitive to alternative measurement intervals. but we show in section 4 that they are not.
conditional covariance matrix in that system is no longer assured. We discuss estimation results with alternative processes in section 4.
Description and interpretation of empirical results

Datu
We use three indices for non-U.S. assets. The first is the Nikkei 225 Stock Average. The data for the Nikkei 225 index are collected from the Asian Wall Strret Journal as are the exchange rates used to obtain dollar-denominated returns. The Nikkei 225 is a price-weighted index of stocks traded in the first section of the Tokyo stock market. For this index, we have data from January 3, 1978 to December 3 1, 1989. We also use two value-weighted indices published in Morgan Stanley's Capital fnterncztional Perspectices that are available from January 3, 1980 to December 31, 1989. These are the Morgan Stanley Japan index in yen and the Morgan Stanley EAFE index in dollars. We use the indices only on calendar days when they are available in both countries and make no distinction between single-and multiple-day returns. The Morgan Stanley Japan index is the Japanese component of EAFE and hence is a value-weighted index. The EAFE index does not include all stocks for each market, since it generally ignores small-capitalization stocks. It is widely used by practitioners as a benchmark for the performance of non-U.S. stocks, however, and internationally-diversified index funds generally try to replicate the performance of that portfolio. It includes no adjustment for cross-holdings in Japan and other countries, so it may give more weight to Japan than is warranted, as argued by McDonald (1989) and French and Poterba (1991) . Table 1 provides summary statistics for the data, including the cross-correlations among the various portfolio excess returns. The U.S. index and dollar-denominated foreign equity index excess returns are obtained using the three-month U.S. Treasury bill yields; those for the yen-denominated Nikkei 225 index are computed with the three-month Gensaki interest rate. Panel A indicates that the excess returns series show significant negative skewness for the S&P 500 and the Nikkei yen excess returns and generally positive excess kurtosis. These results suggest that the returns distribution deviates from normality. The Kolmogorov D statistic and tests based on Bera and Jarque (1982) confirm this formally.
The autocorrelation coefficients are shown in panel B for the raw excess returns and squared returns series. The significant positive and declining autocorrelations for the squared series indicate some second-order dependence that the GARCH models in this study seek to capture.
Finally, the cross-correlations between the S&P 500 returns and those of the various foreign index returns are shown in panel C. The significant leading fi.C. correlations from U.S. to foreign stocks in the raw returns reflect the nonsynchronous trading hours for the respective markets. Eqs. (5a) and (5b) of the model proposed in the previous section attempt to control for this effect. More interestingly, the cross-correlations computed for the squared returns series suggest that what happens in one market affects the volatility of returns in another. Again, the dynamics of the conditional covariances applying the BEKK process of (6) can capture such cross-market dependence in the volatility of the returns.
Chun et ul., Global injfurrw on E.S. risk premium
Eqs. (5a) and (5b) require computation of market weights. We obtain these weights from Morgan Stanley's Capital Infernational
Perspectives.
Since the weights are published quarterly, we use the beginning-of-quarter weights reported by Morgan Stanley and compute the weights within each quarter by adjusting the beginning-of-quarter weights dynamically, using the realized returns on the indices. For each quarter, we extend the interpolation to the beginning of the next quarter and compare our weights with those reported by Morgan Stanley. In this comparison, the reported weights are always very close to the predicted weights.
Empirical results
Panel A of table 2 reproduces estimates of (5a)-(Sb) that use, respectively, the dollar-denominated excess returns on the Nikkei 225 index, the yen-denominated excess returns on the Nikkei 225 index and the Morgan Stanley Japan index, and the dollar-denominated excess returns on the EAFE index as the returns on the foreign market portfolio. The estimates are obtained using dummy variables in (SaHSb) for October 16, 19, 20, and 21, 1987 , when it appears the distribution of returns differs dramatically from the distribution on the other days in our sample. The point estimates obtained without the dummy variables for the parameters of interest are quite similar to those reported here. but statistical inference becomes more complicated because of the serious departures from the normality assumption.
The estimates of the equation for U.S. returns with the dollar returns of the Nikkei 225 show that the conditional covariance of the U.S. returns with the Nikkei return has a significant positive effect on U.S. conditional expected returns, but that the conditional variance of the U.S. returns has no effect. This result holds whether we use standard t-statistics or the alternative r-statistics robust to departures from normality suggested by Bollerslev and Wooldridge (1990) .* Hence, this result supports the hypothesis that the U.S. risk premium is determined on global markets during the sample period. The lack of significance of the coefficient on the variance is surprising.
Since the conditional variance and covariance have a significant correlation (0.57 if we use the dollardenominated Nikkei returns), one might be tempted to attribute the lack of significance of the conditional variance to multicollinearity. If we estimate a univariate model for the U.S. returns for our sample period, however, the coefficient on the variance is not significant either. A more plausible explanation is that, if the returns are measured with error. the error decreases the precision of our variance estimate more than the precision of our covariance estimate. since returns squared involve taking the square of the error, whereas products of domestic and foreign returns involve multiplying two errors that are imperfectly correlated. The estimates obtained with the yen-denominated excess returns of the Nikkei 225 are qualitatively similar to those obtained with dollar-denominated returns. The estimates using the Morgan Stanley Japan index and EAFE as foreign market portfolios are consistent with those obtained using the Nikkei 215. In both equations, the covariance has a positive coefficient that is significantly different from zero using standard t-statistics. Using robust r-statistics, the covariance coefficient is significant at the 10 percent level for the Morgan Stanley Japan index. but is insignificant at the same level for the EAFE index. The point estimates of the covariance coefficients are almost the same for the equations using the Nikkei 135 and EAFE. The variance of the U.S. returns has a positive but statistically insignificant coefficient in both equations. insignificant effect on the expected excess returns of the index, but the variance of the Nikkei has a significant positive coefficient. The same result holds for the equation estimated with the yen-denominated excess returns on the Nikkei, except that in this case the covariance has a significant positive coefficient with the standard t-statistic and an insignificant coefficient with the robust r-statistic. With the Morgan Stanley Japan and EAFE indices, the variance of the foreign index has an insignificant positive coefficient; the covariance has a negative insignificant coefficient for the EAFE but a positive significant coefficient for the Morgan Stanley Japan index at the 5 percent level using the standard r-statistic and at the IO percent level using the robust r-statistic.
For all indices, we test the hypothesis that the expected returns are determined in the home country -i.e.. that Japanese expected returns do not depend on the covariance of Japanese returns with U.S. returns and that U.S. expected returns do not depend on the covariance of U.S. returns with Japanese returns. Though the results are not reported, this hypothesis is easily rejected for all indices. Consequently, irrespective of the index used as a proxy for foreign stocks, the covariance of foreign stock returns with domestic stock returns has an important effect on the expected returns on domestic stocks. Table 2 also measures the fraction of the total variation of returns captured by our explanatory variables. Whereas the fraction of the total variation explained for the U.S. returns, denoted Rf, is small but respectable, given the difficulty of forecasting daily returns, it would be virtually negligible if we ignored the international effect presented in this paper. For instance, if we set the coefficient on the conditional covariance equal to zero in the U.S. returns equation when the dollar return on the Nikkei 225 is used as the foreign return, the Rf falls from 1.16 to 0.29 percent; in contrast. it falls to only 0.94 percent if we set the coefficient on the conditional variance equal to zero and to 0.25 percent if both coefficients on conditional variance and covariance equal zero. If the coefficients for the conditional variance and covariance are set at zero, the RZ captures the proportion of the total variation that is due to the lagged moving average terms that are posited to capture the effects of nonsynchronous trading of the component stocks within each of the domestic and foreign market indexes. Further, the R' for the U.S. returns equation in this case is substantially larger than that for a simple univariate model (0.28 percent). Although the fraction of the total variation explained for the foreign returns, Ri, is much larger than the fraction explained for the U.S. return, it becomes comparable to the fraction explained for the U.S. return if & is set equal to zero, as one would expect.
Figs. 2 and 3 plot the conditional expected excess returns and conditional variances and covariances for the U.S. when the foreign index uses dollardenominated returns on the Nikkei 225: all the series exhibit substantial variation over time. For the U.S. returns. the conditional daily expected excess returns have a standard deviation of 0.09 percent and a mean of 0.04 percent, whereas the unconditional daily excess returns have a mean of 0.025 percent and a standard deviation of 0.97 percent. Further, the sample mean and standard deviation of the daily conditional variance are, respectively, 0.94 and 0.54, whereas for the covariance they are 0.09 and 0.Z'. As a measure of the economic significance of the international effect on the U.S. risk premium, our results suggest that a doubling of the conditional covariance from its mean value of 0.09 to 0. IS doubles the conditional expected excess return on the U.S. portfolio from 0.04 percent to 0.075 percent. A doubling of the conditional covariance is an increase of slightly less than half the standard deviation of the conditional covariance, indicating that such an increase is not unusual. Similarly, a doubling of the conditional risk premium is also an increase of slightly less than half its standard deviation.
Panel B of table 2 presents the estimates of the coefficients of the dynamics of the covariances from (6). The individual coefficient estimates are difficult to interpret. but the significance of the diagonal coefficients of the F and G matrices suggests that the GARCH effects are pervasive and strong. Moreover, most of the off-diagonal coefficients are also significant. This result confirms the evidence of Hamao, Masulis, and Ng (1990) dependence in the conditional volatility of U.S. and foreign stock returns is important. Table 3 provides evidence on whether the coefficients on conditional variance and covariances of table 2 conform to the predictions of the international CAPM (ICAPM). The ICAPM implies that all the p coefficients of table 1 should be equal.Y Table 3 presents estimates of the models of table 2 with the j coefficients constrained to be equal. Irrespective of the foreign portfolio used, the world price of risk is positive and significantly different from zero. With the ICAPM, the estimate for the price of risk corresponds to the representative investor's coefficient of relative risk aversion. The estimates for this coefficient vary from 9.6 to 18.1, depending on the foreign portfolio used. Although the estimate is high, it is not altogether unreasonable in light of the literature. For instance, although larger than the estimates obtained by Friend and Blume (1975) and Hansen and Singleton (1983) . it is substantially smaller than those 'In footnote 7. we argue that our approach may yield measures that understate the true covariance.
If it does. our test of the ICAPM is more conservative. because our estimate of the covariance effect. bd,. is biased upward and hence away from the other /I,, coefficients. presented by Wheatley (1988) and comparable to those of Harvey (1991) in tests of international asset pricing models. The last column of table 3 presents x2 statistics that compare the unrestricted and restricted versions of the model. The restricted version cannot be rejected at the 5 percent level. One might argue that a more conservative approach is warranted, however, since we have only two assets. If we use the 10 percent significance level as our benchmark, we cannot reject the ICAPM when the foreign portfolio is EAFE or Morgan Stanley Japan; we can, however, reject the ICAPM if the foreign portfolio is the Nikkei, whether denominated in dollars or in yen. This limited success with the Nikkei may reflect the fact that the Nikkei is not a value-weighted index and hence gives more weight to small stocks. Hence, although our results support the ICAPM, the lack of rejection may also reflect the limited power of our tests.
Further tests
In this section, we first relate the results to earlier work. We then examine the robustness of the results and conclude with more tests of the international capital asset pricing model.
Relation to previous work
French, Schwert, and Stambaugh (1987) use a univariate GARCH-in-mean process to relate conditional expected returns on the S&P 500 index to the conditional volatility of the index and find a positive relation. Their test is not nested in the test discussed in section 3, since they estimate the process followed by the S&P 500 using U.S. data only. We replicated the French, Schwert, and Stambaugh study over our sample periods for the U.S. and Japan, but do not present the estimates here. lo Their result does not hold for U.S. returns. as the conditional expected returns on the U.S. market portfolio are not significantly related to the conditional variance of the returns of that portfolio." In contrast, however, there is evidence that the conditional expected returns of the foreign indices are related to their conditional volati1ity.l' These results are consistent with the results obtained in table 2. since in that table the coefficient on the conditional volatility of the U.S. index in the U.S. returns equation was insignificant, whereas the coefficient on the conditional volatility of the foreign index in the foreign returns equation was significant for the Nikkei 225 whether denominated in yen or in dollars. Bollerslev, Engle, and Wooldridge (1988) investigate a trivariate conditional CAPM that includes three portfolios: a portfolio of stocks. a portfolio of long-term bonds, and a portfolio of short-term bonds. Their approach is similar to ours in that they model the joint distribution of returns using a GARCHin-mean process, but they posit dynamics for the variance<ovariance matrix of returns that allow variances and covariances to depend only on their past values, in contrast to the dynamics we posit. which allow for additional cross-market dependence. They find a positive price of covariance risk. which is analogous to our finding of a positive price of risk in the equations estimated in table 3.
Existing research on international asset pricing has focused on unconditional returns. The most notable exception is Harvey (1991) . who allows the price of risk to change over time in a pooled cross-sectional time-series test using monthly returns for a variety of countries. He models asset returns dynamics with instrumental variables and uses a generalized method-of-moments estimator to test the restrictions of the ICAPM. He finds evidence that the world price of covariance risk is not constant and rejects the hypothesis that Japanese stocks are priced according to the ICAPM.
Roh~tstrwss urd stcrhilit>* of the internotiorurl ejtict
I. !Vons~xchronous trtiding hours
As discussed in section 2, the use of daily data raises the issue of lack of synchronism in the returns measurement intervals across countries. There is no way to eliminate this lack of synchronism, but using longer measurement intervals should reduce its importance, since as the interval increases, the "'French. Schwert. and Stambaugh estimate a GARCH (1, 1) process. whereas the estimates reproduced in this paper are obtained for a GARCH (I, II process. None of the conclusions of this paper are atTected if this alternative specification is introduced.
"Glosten. Jagannathan. and Runkle (1989) demonstrate the instability of the relation estimated by French. Schwert. and Stambaugh for different specifications of the conditional variance.
"See Chan and Karolyi (1991) for similar findings on the Nikkei 215 Stock Average index. fraction of the interval for which returns are observed on both markets also increases. So, one way to evaluate the robustness of our results and the appropriateness of our approach for dealing with the nonsynchronous trading hours is to reestimate our equations on longer observation intervals. Results with the dollar-denominated Nikkei excess returns are reproduced in table 4 for two-day, three-day, and five-day returns. It is clear that our conclusion that the conditional U.S. expected excess returns are positively related to the conditional covariance of the U.S. excess returns with foreign-market returns still holds when we lengthen the observation interval. Importantly, as the returns are computed over longer periods, the apparent predictability of foreign returns from U.S. returns due to the overlapping of the measurement intervals disappears, as expected.13
The lack of synchronism in trading times leads to lower estimates of conditional covariances, since the same information can be incorporated in different indices on different calendar days. Although we try to estimate conditional covariances approximating those that would prevail if trading were synchronous across countries. our approach is imperfect. When returns are measured over longer horizons, the nonoverlapping part of the returns becomes a smaller fraction of the measurement interval, so that the conditional covariantes should increase."
This difference between long-run and short-run conditional covariance does not affect our conclusion that there is an international effect on the U.S. risk premium, since that effect is robust to increases in the measurement interval. Although the coefficient Pdc falls when returns are measured over longer intervals, the decrease is not significant.
Another way to reduce the effects of the lack of synchronism in trading hours between the two countries is to use open-to-open U.S. returns with close-toclose Japanese returns. Transactions data of intraday quotes on the S&P 500 from the Chicago Mercantile Exchange were available to us for the 198489 subperiod. In table 4, we provide estimates of our model where U.S. returns are computed from prices one hour after the market opening. We use returns one hour after the opening because opening returns have different properties from other intradav returns.t5 These estimates fully support the conclusions drawn . from the estimates that use the close-to-close returns. Interestingly, these estimates "As the measurement interval is extended. however. one would expect the estimates to become less precise because the number of independent observations falls. Further. our regression framework becomes less appropriate.
since longer-horizon returns may have different time-series properties than shorter-horizon returns. Nevertheless. in a regression not reproduced here, we extended the measurement interval to ten days and found that the adC coefficient esttmate is also statistically significant with a value of 111.8.
'%ee Bailey and Stulz (1990) for evidence on how covariance estimates between U.S. and Japanese returns depend on the measurement interval because of the nonsynchronous trading hours.
'See Lin. Engle. and Ito (1991) for evidence of the importance of this distinction for the measurement of spillover effects across markets.
correspond to a subperiod that approximates the second half of our sample of Nikkei data. Yet for this second half. the coefficient for the international effect is essentially the same as for the whole sample when we use close-to-close returns.
Conditioning itzfbrtmtion
The model estimated in table 2 includes lagged disturbances to account for the effects of nonsynchronous trading of component stocks in the index on the measurement of stock index returns. The significant positive effect of the first lagged disturbance is consistent with our infrequent trading motivation for the inclusion of these lagged disturbance terms. I6 Ignoring this lag structure may c spuriously increase the importance of the international effect. This is shown in table 1. where \ve provide estimates of a version of our model that excludes the lagged disturbances. We also estimated the model with 4,. set equal to zero. These estimates, though not reproduced here, show a stronger international effect when c$,-is not included. Another alternative we examined but do not report was to roll back the investors' conditioning information by one day, so that E, _ , replaced E, in (5) and (6): this approach still produced similar results. Rolling back the conditioning information set has three purposes. First. it is an attempt to see how the results change with changes in the information set. I' Second, it shows the effect of removing the spurious predictability of foreign returns due to the lack of synchronism in trading hours. Finally, it shows that the covariance effect found for the U.S. expected excess returns is unlikely to be due to asynchronous trading in the S&P 500 stock index. When we roll back the conditioning information by one calendar day, the conditional covariance estimate does not incorporate information from the previous day and is not likely to be affected by information that may not have been fully incorporated into stock prices because of asynchronous trading. In summary. our results on the existence of an international effect are not sensitive to the lag structure included in the estimated models.
4..?.3. Dct!,-c&t/w-uvek yfltcts
The estimates in table 2. use trading time as the measurement unit for returns; i.e.. all returns are computed from the end of a trading period to the end of the next trading period. In table 1, we provided model estimates where we allow different intercepts in the expected excess returns and the variance+zovariance 'hOne would expect the foreign indices to have more evidence of infrequent trading. so the first lagged disturbance should have a greater effect on the foreign returns equations. It is puzzling. houever. that the tirst lagged disturbance should have a greater effect in the foreign equation using the value-&sighted Morgan Stanley Index than on the equations using the price-weighted Nikkei 225.
"Our econometric models attempt to approximate I I ). These models are approximations because we condition on an observed information set that is necessarily coarser than I?,. the true information set.
equations for multiple calendar days because of weekends or holidays. The results are similar, although the robust r-statistic on the international effect falls to 1.59. In this case, however, the coefficient on the first lagged disturbance becomes strongly significant for both countries and the coefficient in the Nikkei equation for the lagged U.S. return increases in value.
Alterncltiw sprc$cations
Multivariate GARCH is a full information maximum likelihood (FIML) estimation method. Although it is more efficient than conventional instrumental variables methods, its parameter estimates can be unstable if the model is misspecified. To investigate whether our inference about the foreign effect is sensitive to these estimation methods, we also use a two-pass procedure. We first estimate the model assuming constant conditional means to generate the conditional variance and covariance series and then regress the excess returns on the conditional variances and covariances using a seemingly unrelated regression (SUR) model. The conclusions are similar to those with the GARCH-in-mean approach. In particular, for the model with dollar-denominated Nikkei returns, using this two-pass approach, the coefficient fldc is 54.02 with a heteroskedasticity-consistent f-statistic of 3.10. Since the expression in (6) for the dynamics of the variance-covariance matrix is a projection equation without theoretical foundation, we also estimated our model using alternative specifications.
One version uses (6) without imposing the BEKK constraints on the coefficient matrices. This unrestricted version, however, does not ensure that the variance-covariance matrix is positive semidefinite. With this version, the point estimates for the variance and covariance effects on the mean returns were similar to those from the BEKK process but less precise. The lack of precision was probably due to the larger number of parameters required for implementation.
We also estimated the model using the constant correlation model of Schwert and Seguin (1990) and the Bollerslev, Engie, and Wooldridge (1988) We investigated the sensitivity of our results to the estimates for the market weights by reestimating the model assuming constant weights of 0.5. .r compared with their standard deviation (using conventional r-statistics. they would not be significantly different from zero), suggesting that we should not be overly concerned that overfitting might lead to a bias in our estimates of the conditional means. The significant positive excess kurtosis and negative skewness observed for the raw returns in table 1 are reduced considerably.
but the Kolmogorov D and Bera-Jarque test statistics for normality still indicate significant deviations from normality, suggestin, 0 that our focus on r-statistics robust to deviations from normality is warranted.'8 Panel C demonstrates that the crosscorrelation patterns noted in the raw returns of table 1 are mostly absorbed by the bivariate model. In general, only contemporaneous correlations between the foreign and U.S. returns appear to be significantly different from zero.
.-Itiditiot~trl asset pricing test5
In table 3, we are unable to reject the ICAPM at the 5 percent level. but can do so at the 10 percent level for the Nikkei indices. A better way to understand our results is to compare them with tests of simple two-factor models. One can think of two possible such models in the context of this paper. First, there could be barriers to international investment that limit investors' abilities to benefit from international diversification. We refer to this version as the segmented model. Second. investors might not use a mean-variance framework, but rather hold securities also for the purpose of hedging against unanticipated changes in various state variables; we call this the hedging model. In the latter case, we posit the domestic and foreign market excess returns as factor-mimicking portfolios. With segmented markets, the price of risk can differ across countries. In table 3, we report estimates of a model that allows for this variation.
In this model, the coefficients on the weighted conditional variances and covariances are constrained to be the same within countries, but not across countries. This '"Nelson (19921 and Nelson and Foster (1991a.b) provide some conditions under which ARCH models ma) perform reasonably in estimating and even in forecasting conditional covariances even when some evidence of model misspecification (e.g.. nonnormality in standardized residuals) remains. model does not appear to perform better than the ICAPM, so the weak performance of the ICAPM is apparently not due to barriers to international investment.
The hedging model does perform better than the ICAPM. With this model, the coefficients on the weighted domestic conditional variance (covariance) and the foreign weighted conditional covariance (variance) are constrained to be the same. At the 10 percent level, the hedging model is rejected only when we use the Morgan Stanley Japan index. These results suggest that more work on a multifactor hedging model could lead to a better understanding of how risky assets are priced in an international setting. Evidence by Cumby (1990) and Wheatley (1988) on the Stulz (1981) international consumption asset pricing model supports this conjecture. Additional evidence is provided by Campbell and Hamao (1992) and Bekaert and Hodrick (1992) in their work showing that changes in expected returns can be captured by models with more than one latent variable.
So far, we have interpreted our tests of the ICAPM in terms of alternatives positing that an asset's risk is not measured simply by the conditional beta of its returns in relation to the world market portfolio. Since all our tests assume that the world relative risk aversion is constant, an alternative to the models in this section is one in which the world relative risk aversion changes over time." Harvey (199 1) pursues this approach using instrumental variables in a generalized method-of-moments framework. With daily data, an approach that models the dynamics for the price of risk explicitly will be difficult to implement because the instruments used in Harvey and related analyses are typically not observed daily. Nevertheless, in the spirit of Harvey we investigated the hypothesis that the price of risk changes during our sample period by allowing it to differ in the two halves of our sample when the index uses dollar-denominated returns on the Nikkei 225. We find that it is indeed significantly higher in the second half of the sample, suggesting that further research should model the time variation of the price of risk explicitly.
Concluding remarks
We find that there is a significant foreign influence on the time-varying risk premium for U.S. stocks. We investigate the relation between the conditional expected excess returns on the S&P 500 portfolio and its conditional risk as measured by its conditional volatility and its conditional covariance with the returns on some index of foreign stocks. We find that the conditional covariance of the S&P 500 returns with the returns of foreign stocks is significantly positively related to the conditional expected excess returns of the S&P 500 over '"McCurdy and Morgan (1991) employ a multi\ariate GARCH framework that allows for a CAPM-type specification with time variation in the conditional betas. They examine the risk premiums in deviations from uncovered interest rate parity in weekly spot currency prices.
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the 1978-89 period, when the returns to foreign stocks are approximated by the returns of the Nikkei 225 index, Japan's Morgan Stanley index, or, to a lesser extent. by the EAFE index. This result holds whether the model is tested using dollar-denominated excess returns or the yen-denomianted excess returns for the Nikkei 225. In contrast, there is no significant relation between the conditional expected excess return on the S&P 500 and its conditional variance. We show that the international effect is economically significant, since an increase in the daily conditional covariance between U.S. and foreign returns that corresponds to half its sample standard deviation increases the daily U.S. risk premium by about 0.035 percent, or slightly less than one-half of its standard deviation.
We still find an international effect on the U.S. risk premium when we use alternative measurement intervals of the returns and alternative econometric specifications. The effect holds even if we use two-, three-, and five-day returns rather than daily returns and if we use open-to-open returns for the S&P 500 rather than close-to-close returns. Further, our results hold if the elements of the conditional variance-covariance matrix obtained from the GARCH approach are used as explanatory variables in a two-pass approach using seemingly unrelated regression models.
We are unable to reject the international CAPM at the 5 percent level of significance, but can reject it at the 10 percent level when the Nikkei 225 index is used as the foreign index. In general, a two-factor model in which the domestic and foreign indices stand for unspecified factors performs better than the ICAPM. In particular, this two-factor model cannot be rejected at the 10 percent level for the Nikkei indices. Our tests therefore support the hypothesis that markets are internationally integrated over the sample period we consider.
